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An insulator element and condensed chromatin region separate the chicken p-globin locus from an independently regulated erythroid-specific folate receptor gene Marie-Noelle Prioleaul. Pascale Nonv2. (Stalder et al., 1980; Lawson et al., 1982; Jantzen et al., Melanie Simpson and Gary ~e l s e n f e i d~ We have identified a folate receptor gene upstream of the chicken P-globin locus and separated from it by a 16 kbp region of silent chromatin. We find that this receptor is expressed only at a stage of erythroid differentiation (CFU-E) preceding the activation of P-globin genes, consistent with the role of folate receptors in proliferation. This discovery raises the question of how these two loci are regulated during erythropoiesis. Our data suggest thatthe folate receptor gene and the P-globin locus are regulated independently. We show that a 3.3 kbp DNA region upstream of the folate receptor gene is sufficient to induce strong expression of a transgene in CFU-E stage cells. We also find that the region between the P-globin locus and the folate receptor gene is fully methylated and condensed at this stage of differentiation. Its 3' boundary coincides with the 5' P-globin insulator. We speculate that the 5' P-globin boundary element might be
Introduction
Chromosomal position effects in mammals have been observed frequently in transgenic animals and in many diseases caused by natural mutations (Ton et al., 199 1; Joos et al., 1992; Tommerup et al., 1993; Foster et al., 1994; Wagner et al., 1994; Fantes et al., 1995) . These observations demonstrate that in addition to its role as a structural scaffold important for compaction, chromatin plays a major role in the utilization of genetic information. One attractive hypothesis is that chromosomes are subdivided into independent functional domains, which are either permissive or repressive toward gene expression. This model is reinforced by the observation that transcriptionally active genes are embedded in DNase I-sensitive domains, extending many lulobases beyond the genes 1986; Stratling et al., 1986; Levy-Wilson and Fortier, 1989) .
For a domain to be a truly independent unit, it should contain all of the regulatory elements necessary for the correct expression of the genes located within; some well characterized domains do maintain a higher level of tissue--and stage-specific expression when integrated into the genome than constructs containing only proximal cisregulatory elements (Greaves et al., 1989; Bonifer et al., 1994; Mason et al., 1995; Dillon et al., 1997) . DNA sequences that induce efficient gene expression independently of the site of integration have been identified in a number of different domains. Usually they are marked by a series of DNase I hypersensitive sites. Such clusters of regulatory elements required to induce copy-numberdependent expression have been designated as locus control regions (LCRs), and have been most thoroughly investigated in the human P-globin gene locus (Forrester et al., 1987 (Forrester et al., , 1989 Grosveld et al., 1987; Festenstein et al., 1996) .
The P-globin LCR, also studied in mouse and chicken (Moon and Ley, 1990; Hug et al., 1992; Mason et al., 1995) , can activate genes located as far as 50 kbp away, and is responsible for the proper expression of the P-globin genes (Epner et al., 1998; Reik et al., 1998) . This raises the problem of how activation can be confined to a particular set of genes within the domain without affecting adjacent genes. It has been proposed that DNA sequences at the boundaries of an active chromatin domain may help in their establishment and maintenance (Geyer, 1997) . The chicken P-globin locus spans 33 kbp ( Figure IA) , with boundaries identified by transitions to DNase I inaccessibility and low levels of histone acetylation (Hebbes et al., 1994) . At the 5' boundary, a DNA sequence element marked by a constitutive DNase 1 hypersensitive site (HS4) has been shown to possess the properties of an insulator; it blocks enhancer action, but only when it lies between the enhancer and a promoter (Chung et al., 1993) .
We analyzed the region upstream of the well defined 5' boundary of the chicken P-globin locus, and found a region of condensed chromatin extending without interruption 16 kbp upstream of the P-globin 5' boundary. Immediately beyond this we discovered a novel locus that is activated during erythropoiesis. This locus encodes a folate receptor and has a different program of expression from the globin genes. The chicken folate receptor is expressed in erythroid precursor cells in the developing embryo and is repressed during terminal differentiation. We identify a strong regulatory element upstream of the folate receptor which by itself directs expression of a linked gene, fairly independently of the chromosomal site of integration in an ewthroid cell line. We also show that at the time when the folate receptor gene is activated, the region between
